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A powerfd ard versatile simple to use multiparamete data acquisition systen has been
implemente for use in spectroscopyln its standad configuration the systen can acquie signal
from 16 time-to-digitd converte channels 16 analog-to-digith converte channelsard 12 scaler
inputs The system was put to use on the electra bean ion trap experimem to recod the output
from four position-sensitie proportiond countes in two soft x-ray spectrometexrtogethe with the
signd from an x-ray pulse heigtt analyzerAlso recorde are the electro bean energy arnd the pulse
heiglht distribution of the proportion& countersAll dat are recordel as afunction of time. Because
the relevart parametes are recordel simultaneouslysoftwae gates insteal of hardwae gates are
usal to sele¢ the dat of interest This has led to a substantib cod savirg over earlie data
acquisition systemsData are storel in binaly or in asci format for system-independéprocessing.
The operatia of the systen is demonstrate in a measuremerof the M-shel soft x-ray spectrum
of gold. We usel the systen to recod the 3—4 ard 3-5 transitiors of gold (Au*** —Au®*) excited
with asimulatel Maxwellian with electran temperatue of 2.5 keV. © 2001 American Institute of
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I. INTRODUCTION

For the pag 10 yr, the electran bean ion trap (EBIT)
spectroscoyp effort relied on adisk operatimg systen (DOS)
basel dat acquisition systen tha allowed digitization with
up to two 10-bit and two 13-bit anala to digital converters
(ADCs). This systan afforded limited time resolutia in the
form of a data routa ard a 32 kByte memoy module Sub-
sequently a secong four-channé systen provided event-
mock dat acquisition for taggirg spectroscopidat with the
energy of the EBIT electran beam This arrangemeinproved
limiting in instance where spectroscoi daia needé to be
taggel with more than one parameterfor exampé with time
(in radiative lifetime measurementsbean energy (for sort-
ing excitatin processes ard detecto pulse heigh distribu-
tion (for sorting noise from first or seconl orde x-ray sig-
nals. Moreover dat stored on opticd disk drives routinely
becane unreadat# through changs in the dat tree formats
when minor update of the operatig systen (DOS, WIN-
pows, and drivers for opticd storagé were implemented.
Many hours were spert recoverimg datg and in the end over
2 GByte of dat were irretrievable A new dat acquisition
systen was neede tha matchel the daia producirg capabili-
ties afforded by the Livermore EBITS.

In the fall of 1998 the decisicn was macke to develg an
advancd event-moe dat acquisition systen optimized for
spectroscopyBuilding on an event-moeé systen employed
at the University of Nevadh Rerp for coincidene measure-
mens of collision fragments the new systen was developed
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quickly and was read/ to acquie da@ within 3 months? In

Januay 199 the new systen replace our old acquisition
systemsbecomiry the standad acquisition systen for EBIT

spectroscopyThe new systen is basel on KMAX software
from Sparrav Corporation running on the Macintos plat-

form. Its ea® of use and expansia has significanty reduced
setyp time, allowed new classs of measurementsand
greatly increasd scientific return.

The multiparamete systen allows us to acquie each
photm even taggal with suc parametes as the time, the
phota energy the spectré position ard the energy of the
electran beam Our preseh systen handles abou 40 simul-
taneows input parametersOur experiene with dat handling
ard storag has been excellent and dat integrity has no
longe bea an issue Data storag (typically on CDs, DVDs
in the future) in both binaly and Asci formas is available
for system-independémnalyss at a later time, which isim-
portart becaus of the grea numbe of uses from different
universities and laboratoria at our facility. We are helpeal by
the ea® of settig up AppleTak networkirg capabilities
built into evely Macintod computer This allows us to link
different machine for dat acquisition dat@ analysis CD
writers etc, via fag etherné without the neel for internet
protocd (IP) addressesThe dai acquisiticn compute thus
is protectel from net vandas and hackersas it is accessible
only by othe Macinto$h computes within the locd Apple-
Talk network At the sane time dat from the acquisition
compute can be transferre at high speel to othe Macintosh
computes tha are in addition on a separat interne (TCP/
IP) netwok ard thus provide a mears to transfe da@ to
othe computes arourd the world.

© 2001 American Institute of Physics
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FIG. 1. Data flow in the event mode system.

Il. THE EVENT MODE SYSTEM into a TDC or an ADC channel, respectively. The detector
that records an event also creates a trigger, which is used to

?ata dd'g't'fat'gl:ﬂtg\'ées CO(;“';)UteT: a“fj".”?fte‘g measure(::jenerate a characteristic set of gates for all ADC and TDC
ment and control ) modules. or digitization, our 4,165 Because there is only a single gate for each digi-
core system employs a Phillips 7164 ADC and a PhIIIIpStizer all channels on each digitizer are converted even though
7187 time-to-digital convertefTDC), which can each digi- g 9

. . . . : - only one has a true signal, the signal that created the gate.
tize 16 signals with a 12-bit dynamic range, giving 32 total_l_he ADC and TDC modules digitize after a gate or trigger

available channels. In addition, the system uses a Le Cro nd set a LAM signal when they are done. The list processor
2551 scaler that provides 12 24-bit channels for counting. | . - ' .
P 9 ontinuously checks the Phillips ADC for a LAM signal. If

an extended mode, we have implemented a Hytec 520 Apc . . .
which can digitize up to four signals, as well as two Le Croythe LAM is present, the list processor waits for the TDC and

3512 single-channel ADC with Le Croy 3588 histogrammingthe scaler to finish digitization. After that thg list processor
memories, and two Le Croy 2301 digitizers. For simplicity, reads all the _parameters. Then it loops again at the Phillips
we only describe the core system. ADC and waits for the next event. The list processor pro-

The CAMAC crate is controlled by a Sparrow 301 crate 9ram is illustrated i!’l Fig. 2 To §top the Iist'processor the
controller. It connects the crate via a small computer systerH1Strument sets the instruction pointer of the list processor to
interface(SCS) bus to a Macintosh G3 computer. A Hytec & Stop command, which is not shown in Fig. 2.

LP 1341 list processor acts as an auxiliary crate controller, ~Each channel in each digitizer is assigned a parameter
serves the digitizers in the crate, and is used as a hardwal@entification(ID) in the kmAX software. Because every ac-
buffer. We have implemented the 256 kByte memory ver-tive channel is digitized whether or not it triggered acquisi-
sion, although versions with MByte buffer memory are avail-tion, every event has the same number of parameters. This
able. Finally, a look-at-mé.AM ) generator is used to gen- makes it convenient to use the parameter number for distin-
erate a LAM signal that starts a readout of the list processoguishing signalgdata word$ from different detectors. For

to the computer via the Sparrow controller. example, in Fig. 1 parameter number six will always be the

A flow chart of the event mode data acquisition systemscaler and parameter number four will always be channel
is shown in Fig. 1. An eventfor example, an x ray from five of the Phillips ADC.

EBIT) occurs and is detected by one of the detectors. The Once all units finished their digitization, the list proces-
signal generated by the event in the form of either a start andor writes all parameters into its data memory which is read
stop (generally for position sensitive detectp a voltage out by the computer when the main controller recognizes a
peak(for example, from an energy-dispersive detectofed LAM from the LAM generator. After the block is in the
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FIG. 2. List processor flow chart.
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computer the parameters are sorted into histograms accordrive on the Apple G3 computer. A second copy of the data
ing to how the user wants to view them. For example, thds transferred via an AppleTalk ethernet connection to the
data can be sorted on line to display x-ray spectra as a fundard drive of a second Macintosh computer that is backed up
tion of beam energy. Gates can be set to select only datan a daily basis to magnetic tape. Permanent data storage is
from a certain time interval and data that fall into a selectecprovided by writing the data to compact disk. This medium
range of the pulse height distribution of the proportionalyields excellent data integrity for long-term storage. Most
counter. The latter gates are used to sort, for example, firsimportantly, the disks are burnt employing industry stan-
and second order reflections in a crystal spectrometer and tards that can be read across most computer platforms. By
eliminate electronic noise. contrast, data from our older acquisition system were stored
Unless two or more events occur simultaneously at more@n magnetic tape. These tapes cannot be read on any other
than one detector, the system deadtime after an event device than the exact tape writer/reader that originally pro-
about 15us. No new events will be recognized during thatduced the tape, as tape formats were not standardized. In
time. It takes the Phillips and Hytec modules 46 to digi-  addition, we stored data on optical disks. Again, these can
tize a signal plus some CAMAC cycles for clearing LAMs only be read with the exact optical drives that created the
and data registers in all digitizers. disks. Even worse, the drives and disks work only if the
The number of parameters determines the event siz&omputer runs the exact software driver ameibows oper-
while the count rate per second and the readout interval deating system used when the disks were made. Entire disks
termine the block length. A block contains all events of onebecame unreadable when we made small changes to either in
readout cycle. The block length cannot exceed the memorthe course of system maintenance.
size of the list processor. Our 256 kByte list processor can  TheKMAX software is used to construct a software pack-
store about 260 000 data words. This means, for example, #ge for off-line sorting of the data. Off-line sorting may be
can store 26 000 events when ten simultaneous parameterquired in instances when many complicated sorts are re-
are acquired for each event. Once the list processor is full aljuired that cannot be processed in real time while data are
incoming events are ignored. There are two ways to deal
with this situation. Either the list processor is read out auto- I I I I
matically when it is full, or it is read out in a preselected time 45+ AT+ 48+ A7+ 48+ 49+ 50+ 51+
interval. We choose the latter and read out the list processo  ,,. 1 | _441:| N 4?+1 I T I
upon each EBIT cycle, i.e., while ions are dumped from the
trap and the trap is refilled. Block data transfer from the list o
processor to the Macintosh computer takes less than 100 m€ 1007

for a 100 kByte block. The list processor is immediately 3

restarted after a data block transfer. % 7.5
The control, acquisition, and simple analysis software is §

based on Sparrow Corporatiorkmax software. The “on- é 5.0 i

line” instrument allows the user to save the streaming raw% TR

data to an event data file for permanent archiving and subseg
guent analysis. The software also allows real-time viewing of 25
the data in customized one-dimensiondlD) or two-
dimensional(2D) histograms of up to 40964096 pixel per 0
histogram. The selection of appropriate software gates filters 3200 3300 3400 3500
out only those data the user wants to see. In many cases the: X-ray energy (eV)

plots represent the final data, and there is no need to analyze

the raw data stream off line. The 1D or 2D histograms can ngG. 3. Spectral emission recorded with a crystal spectrometer on EBIT as
) a function of the electron beam energy. Emission features are labeled by the

immediately written to binarY_Or teXt_ files, as desired. charge state of the emitting ion. Dielectronic resonances are seen at energies
Short term data storage is provided by a 9 GByte hardelow threshold for direct excitation.
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h m
tion at a temperature of 2.5 keV. At the same time the electron beam current "‘ \ J w l 1 “ u l h 1 M\ ‘ |
(not showd is modulated so as to keep the electron density constant, o MR LI IR e S TR

being acquired. It should be noted that on-line sorts do not
inhibit the work of the list processor. FIG. 5. Gold x-ray emission(a) total emission produced by a 2.5 keV
If there are no events during a readout cycle the bbd@imulated Maxwellian;(b) contributions from selected dielectronic reso-
. . . . ’ nances.
size will be zero, i.e., the block would contain no data. The
off-line instrument gives an error message when it encoun-

. ming a set of arbitrary function generators that control the
ters an empty block and quits. Thus, subsequent blocks can;

. S : electron beam energy and the electron beam cufréhese
not be read with the offline instrument. To prevent this prob-

A Iﬁ)arameters are swept rapidly in time so that the electron
lem, the readout pulse is inhibited unless at least one eve dtistribution when integrated over half of one period closel
was digitized during the cycle. A Phillips 759 Gate and De- g P y

. . : - resembles that of a Maxwellian distribution. For the present
lay Generator is used to accomplish this. The Phillips mod- P

o . measurement, we selected an electron temperature of 2.5
ule is triggered by the readout pulse. But the module is set t P
“latch” so that a pulse can only pass through if the reset was

triggered. The latter is accomplished by fanning out the gat%rystal spectrometeteoperatingin vacuo Employing four

pulse that triggers the ADCs to the reset. OIposition—sensitive proportional counters and four ($11)

In order to make the system useful for time resolved. ystals the two instruments covered the wavelength band
spectroscopy, the time at which an event occurs is recorde£[5_4 5 A

by the scaler. To do so, a pulse from the EBIT control unit The spectral response of one of the detectors as a func-
resets the scaler and marks the start of the time measuremeﬁ(t).n of electron beam energy is shown in Fig. 3. To repro-
The clock itself is generated by a Hewlett Packard 3314A C

duce the electron energy distribution of a 2.5 keV Maxwell-

arbitrary function generator whose signal is fed into theian the energy sweeps fronE, =300V 0 Eay

scaler. The scaler can process at a rate of up to 100 MHz, *012500eV. A plot of the counts recorded with the detector

submicrosecond accuracy, for example, for measurements qf , . . L
U, : . as a function of time and beam energy is shown in Fig. 4.
radiative lifetimes of metastable levels is possible.

This figure reveals the sweep pattern as a function of time.
The sweep period is 10 ms, which is sufficiently fast that the
ionization balance does not change significantly within a pe-
riod. Displaying the spectral response as a function of beam
We have used the new data acquisition system to recordnergy allows us to isolate contributions to the spectrum aris-
the n=4,5 to n=3 emission of highly ionized gold ions. ing from very specific excitation processes such as dielec-
This measurement was carried out using a newly impletronic recombination, resonance excitation, and radiative
mented control system to generate a quasi-Maxwellian elecascades. Figureg® shows the total spectrum observed at a
tron distribution function in EBIT. This system allows us to quasitemperature of 2.5 keV. It represents the projection of
dial up a given electron temperature by properly programthe entire spectral emission observed in Fig. 3 onto the wave-

The x-ray emission was recorded with two broadband

IIl. OPERATION AND PERFORMANCE
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FIG. 7. Temporal evolution of the spectral emission. The trap is filled at
=0.3 s and emptied at= 10 s(not shown. Emission features are labeled by
the charge state of the emitting ion.
n
5 50— reached is an important parameter for comparing the mea-
3 sured charge balance with calculations.
IV. CONCLUSION
Through the large number of independent parameters
0 that are digitized simultaneously, the new data acquisition

system has provided us with opportunities to perform mea-
surements with higher reliabilit¢e.g., by knowing when the
6. 6. Puse heidht distibution i - 3 _ Icharge balance reaches steady $tdtetter signal-to-noise
o s e ety e et e, 1805 (.3, DY SUPPIESSINg COSIMIC rayinduced background
spectral emission. Emission lines from Ge-like*Auand zn-like Ad®* are and t_)y fOIIO_ng drifts in the pul§e-helght d|3tr|bUt_|on as a
labeled for reference. Counts seen near zero on both axes are unphysical dttnction of time, and less expensivelg.g., by reducing the
arise from operating the Phillips TD@ligitizing the proportional counter- number of hardware modules required to set gatikshas
position informat_iom apd t_he ‘PhiIIips ADC(digitizing the proportional also opened up new classes of measurements, including mul-
counter pulse height signah dither mode. . S . . e
tiple coincidence measuremefitgrecise radiative lifetime
measurementsand charge transfer measureméhis a re-

length axis. Figure ®), for comparison, show the contribu- sult of this versatility, we are installing the fourth such sys-
tions of the lowest dielectronic resonance observed in Fig. 3em at our trap experiment.
The comparison shows that the dielectronic resonance con-
tributions are less than 10% of the total emission. ACKNOWLEDGMENTS
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